Factor XIII catalyzes the cross-linking of fibrin. Cross-sectional studies have suggested that a common polymorphism site at residue 34 of the A subunit of factor XIII (FXIIIA) with a substitution of Leu for Val (FXIIIA Val34Leu) was associated with reduced coronary heart disease (CHD). This association has not been examined in prospective studies. Healthy subjects (nϭ15 792) were recruited from 4 US communities into the Atherosclerosis Risk in Communities (ARIC) study from 1987 to 1989. They were followed, and incident CHD events were identified and verified. For the present study, we included 423 patients with CHD as cases and 479 noncases. FXIIIA Val34Leu polymorphism was determined by the single-strand conformational polymorphism method. There were no significant differences in the genotype frequencies between cases and noncases. The genotypes showed little association with known CHD risk factors. A weighted proportional hazards regression analysis adjusting for other risk factors confirmed no association of the genotypes with risk of CHD. This prospective study did not provide evidence of a reduced CHD risk for the FXIIIA 34Leu allele. (Arterioscler Thromb Vasc Biol. 2002;22:348-352.)
C oagulation factor XIII (FXIII) is essential for normal hemostasis. It plays an important role in the final stages of blood coagulation and in the regulation of fibrinolysis. It is composed of a transglutaminase subunit that catalyzes the cross-linking of fibrin monomers during blood clotting. 1 These cross-links modify and stabilize the clot structure and increase its resistance to degradation by fibrinolytic proteases. FXIII also crosslinks several other proteins, including ␣ 2 -antiplasmin, fibronectin, and collagen. Inherited deficiencies of FXIII lead to delayed bleeding after trauma and poor wound healing.
FXIII in plasma is a heterotetramer composed of 2 A subunits arranged as a dimer in association with 2 B subunits. The A subunits exhibit the transglutaminase activity after cleavage of an N-terminal activation peptide by thrombin. Previous studies have shown that the A subunit is genetically heterogeneous, and a number of polymorphisms have been identified. 2, 3 A G-to-T point mutation in codon 34 of the A subunit, causing a change in an amino acid residue (Val to Leu) situated close to the thrombin cleavage site, 4, 5 has been reported to protect against myocardial infarction (MI) 6, 7 and deep venous thrombosis. 8, 9 However, these reported findings are based on cross-sectional clinical studies and may be subject to bias. Association of this polymorphism with risk of coronary heart disease (CHD) has not been reported in prospective studies. The purpose of the present study was to determine whether the A subunit of FXIII (FXIIIA) Val34Leu polymorphism is a risk factor for incident CHD in a prospective follow-up of the Atherosclerosis Risk in Communities (ARIC) cohort.
Methods

Study Population
In 1987 through 1989, the ARIC study recruited a population-based cohort of men and women aged 45 to 64 years from 4 US communities: Forsyth County, NC; Jackson, Miss (blacks only); the northwest suburbs of Minneapolis, Minn; and Washington County, Md. Criteria for inclusion of subjects from the participating communities and relevant epidemiological data have been reported previously. 10 A total of 15 792 participants completed a home interview and clinic examination. Ever since the enrollment, the subjects in this cohort have been prospectively followed for the development of CHD and other vascular events. Participants were contacted annually to identify all hospitalizations and deaths. Death certificates and discharges from local hospitals under ARIC surveillance were also reviewed on a continuous basis to detect events occurring to cohort participants.
Ascertainment of Incident CHD Cases and Cohort Random Sample
A case-cohort design 11 was used for this nested genetic study in which information on FXIIIA Val34Leu polymorphism was determined only for incident CHD cases and a stratified random sample of the entire ARIC cohort of 15 792 participants. For the present study, we included CHD events occurring between ARIC visit 1 (1987 to 1989) and December 31, 1993 . The mean follow-up time was 6.2 years. We defined CHD incidence as (1) a definite or probable MI, (2) a silent MI between examinations as ascertained by ECG, (3) a definite fatal CHD death, or (4) a coronary revascularization. A complete description of the methods that we used to ascertain cases and of our definitions is published elsewhere. [12] [13] [14] All identified potential clinical events were reviewed and adjudicated by an ARIC morbidity and mortality classification committee using published criteria. 12 Coronary revascularization was defined as having hospital procedure codes for coronary bypass graft, coronary angioplasty, or coronary atherectomy.
A stratified random sample of the entire ARIC cohort was selected as a reference group (designated as noncases). The model-fitting procedures account for some cases being so selected into the cohort random sample. 15 For the reference cohort, we oversampled participants with thin average carotid intima-media thickness measurements at baseline (Ͻ30th percentile) and also stratified the sampling by age and sex. As a result of these varying sampling fractions, we adjusted for the sampling design during analysis.
Participants were excluded if they were neither white nor African American (nϭ44), had prevalent CHD (or unknown status) at baseline (nϭ1120), had a history of stroke (nϭ69) or transient ischemic attack (nϭ266) at baseline, or had missing sampling or event information (nϭ2). We also excluded participants with a missing FXIII Val34Leu result because of a missing DNA sample or a failure of polymerase chain reaction amplification (nϭ95). The final sample size with genotyping contained 902 individuals: 423 incident CHD cases and 479 noncases.
Baseline Measurements
The definitions and methods used for baseline measurements (systolic blood pressure, hypertension, diabetes mellitus, alcohol intake, plasma total cholesterol, triglycerides, HDL cholesterol, LDL cholesterol, and fibrinogen) have been published elsewhere. 16 Venous blood was collected and processed at the baseline examination according to protocols described previously. 17 Specimens were sent by overnight courier to the Central Hemostasis Laboratory in Houston, the Lipid and DNA Laboratory in Houston, and the Chemistry Laboratory in Minneapolis, where they were stored at Ϫ70°C until assay.
Determination of FXIIIA Genotypes
Genomic DNA was isolated from buffy-coated white blood cells by phenol chloroform and ethanol precipitation. Genotypes of the FXIIIA-34 dimorphism were determined by polymerase chain reaction and single-strand conformational polymorphism analysis with the use of a published primer sequence. 18 A 183-bp DNA fragment containing exon 2/intron B was amplified and subjected to singlestrand conformational polymorphism analysis. After denaturation, samples were loaded on 10% acrylamide/bis gels and electrophoresed at room temperature for 16 hours at 2-W constant power. Gels were fixed and silver-stained (Pierce). The genotype was classified as homozygous wild type (VV), heterozygous (VL), or homozygous mutant (LL).
Data Analysis
To evaluate the relationship of FXIIIA Val34Leu polymorphism with other variables, some of which may be confounders in this analysis, we used ANCOVA to compute age-, race-, and sexadjusted mean levels or percentages of the other variables for Val34Val, Val34Leu, and Leu34Leu. We also used ANCOVA to compute age-, race-, and sex-adjusted mean levels or percentage values of study variables for CHD cases versus noncases after appropriate weighting for the stratified case-cohort sampling design. For this descriptive analysis, we treated the sample as a stratified random sample 19 (with cases considered 1 stratum and the noncases divided into 8 age/sex/wall thickness strata) and weighted each stratum by the inverse of the sampling fraction. We computed the risk ratios and 95% CIs for the time to the development of CHD by using a weighted proportional hazards regression by Barlow's method. 15 In the weighted proportional hazards regression models, we adjusted FXIIIA Val34Leu estimates for sex, age, race, and other factors related to CHD in this sample: hypertension, diabetes mellitus, total cholesterol, HDL cholesterol, triglycerides, fibrinogen, smoking, and ethanol intake.
Results
The age-, sex-, and race-adjusted prevalences of the 3 FXIIIA-34 genotypes were not significantly different (PϾ0.8) between incident cases and noncases (Table 1) . When these data were analyzed according to ethnic origin, the age-and sex-adjusted prevalences of the 3 FXIIIA-34 genotypes also were not significantly different between incident cases and noncases. There was also no statistically significant difference in the genotype prevalence between whites and African Americans, after adjusting for age, sex, and CHD incidence ( Table 1) . Comparisons of allele frequencies between cases and noncases for the total group and by ethnic origin showed no significant difference ( Table 2 ). The Val allele frequency was higher in African Americans than in whites, but this difference did not reach statistical significance ( Table 2 ).
There were higher levels or prevalences of risk factors (hypertension, systolic blood pressure, total cholesterol, total triglycerides, HDL cholesterol, cigarette smoking, and diabetes mellitus; PϽ0.001 for each) in the cases than in the noncases. The cases were older than the noncases (56.2 versus 53.8 years, respectively; PϽ0.0001), and the proportion of male cases was greater than the proportion of male noncases (70.8% versus 42.2%, respectively; PϽ0.0001). The proportion of African Americans was not significantly different between cases and noncases (26.6% versus 25.1%, respectively; Pϭ0.7). Of our incident cases, 69.5% had an acute coronary syndrome; the remaining 30.5% had silent MI or coronary revascularization. When the nonacute events were excluded from analysis, the difference in FXIIIA Val34Leu alleles between cases and noncases remained statistically insignificant. Table 3 shows the characteristics of the cohort reference subjects with respect to the presence or absence of Val34Leu polymorphism. FXIIIA Val34Leu genotypes were generally not associated with CHD risk factors except for hypertension and total cholesterol. The participants with the Leu34Leu (LL) genotype had a higher prevalence of hypertension (Pϭ0.014) and lower total cholesterol (Pϭ0.043). There was no significant association between Val34Leu genotypes and plasma fibrinogen levels as was previously shown in another study. 6 The weighted proportional hazards regression analysis showed that the Val34Leu genotype was not significantly associated with the time to the development of CHD, after controlling for potential confounding effects of age, sex, ethnic origin, hypertension, diabetes mellitus, total cholester-ol, total triglycerides, HDL cholesterol, fibrinogen, alcohol intake, and smoking. The risk ratios of developing CHD for the FXIIIA Leu34Leu, Val34Leu, and Val34Val genotypes were 1.0, 0.86 (Pϭ0.75), and 1.04 (Pϭ0.92), respectively. From this population-based prospective study, there is no evidence of an association of coagulation FXIIIA Val34Leu polymorphism with the development of CHD.
Discussion
We found no decrease in the risk of incident CHD in individuals heterozygous or homozygous for the FXIIIA Leu34 allele in our community-based, prospective, casecohort study contrasted with the positive association reported in a small number of studies based on retrospective analyses of small numbers of patients. A cross-sectional study by Kohler et al 6 suggested that the 34Leu allele was significantly inversely correlated with MI. The prevalence of this allele was lower in 197 white patients with MI than in 201 patients without MI or in 196 healthy subjects. They also showed that among 3 polymorphisms in the coding region of the A-subunit gene of FXIII, only FXIIIA Val34Leu was associated with coronary artery disease in 275 consecutive patients admitted for angiography. 20 They further suggested that the association of FXIIIA 34Leu with CHD became insignificant when the plasminogen activator inhibitor-1 (PAI-1) level was high or when insulin resistance was present. 6, 21 Another cross-sectional study also showed that the 34Leu allele was associated with a lower risk of MI in a small sample of Finnish men. 7 The former study 6 found that adjustment for the PAI-1 4G/4G genotype lessened the association of FXIIIA 34Leu allele with CHD, whereas in the latter study, 7 the PAI-1 4G allele showed no influence on the association of this polymorphism with CHD. Both studies were not prospective and not population-based and, therefore, potentially subject to bias toward an association between FXIIIA Val34Leu genotype and MI. A recent case-control study reported a null association of Val34Leu with acute coronary syndromes 22 in 101 Spanish patients, aged 34 to 85 years. In addition, that study found no association of Val34Leu with acute cerebrovascular events or deep venous thrombosis. In another study, FXIIIA Val34Leu was found not to be associated with thromboangiitis obliterans in 28 patients. 23 In our population-based, prospective, case-cohort study, the results did not show an association between FXIIIA Val34Leu polymorphism and incident CHD. Weighted proportional hazards regression analysis failed to show a significant reduction in CHD risk for the Leu allele. In fact, the risk ratios for all 3 genotypes were equivalent. The difference in prevalence rates of FXIII Val34Leu genotype between CHD cases and noncases was negligible (35.2% versus 34.3%, respectively) in our prospective case-cohort study. This negligible difference is confirmed by the fact that there is Ͻ10% power to detect significant difference in the prevalence of Val34Leu (VL) genotype between CHD cases and noncases. Our findings do not support a reduction in CHD risk by a Val-to-Leu substitution at residue 34 of the FXIIIA subunit.
It has been shown that the Leu substitution contributes to an increased FXIII activity. 10, 24, 25 The expression of Leu versus Val FXIIIA protein in yeast confirmed a higher transglutaminase activity associated with the Leu allele. 26 Its expression in COS cells showed an increased rate of fibrin stabilization, although the specific activity of the fully activated wild-type and Val34Leu mutant did not differ. 27 These results would mean that the Leu allele yields more crosslinked fibrin in the thrombi. It is difficult to explain why this allele should be associated with a lower risk of CHD, as reported by previous studies. It was argued that a higher XIII activity conferred by the Leu allele might be expected to contribute to a higher CHD risk by increasing the clot resistance to fibrinolytic lysis. 28 It should be noted that FXIII activity in the study subjects was measured by an assay with a high degree of variability. It was also reported that there is a wide range of FXIII activity among healthy subjects. 29 Balogh et al 29 showed that neither the plasma level nor the specific activity of fully activated purified plasma FXIII was influenced by the presence of the Leu34 allele. Furthermore, FXIII protein levels and activities are influenced by conditions such as inflammation. Saha et al 30 showed that racial and genetic components play a significant role in plasma FXIII activity in Asian Indians and Chinese, with Asian Indians having Ϸ33% higher plasma FXIII activity than the Chinese; consequently, plasma FXIII activity may affect the quantitative risk of CHD. The heritability of FXIII activity was the highest (82%) among 10 key hemostatic factors investigated in 501 white female twin pairs aged 18 to 79 years, 31 indicating the importance of further research in the genetic regulation of hemostatic factors and atherothrombotic disorders. However, because FXIII activity is one that is sensitive to the polymorphism, it might be expected that the in vitro FXIII activity would be heritable and, therefore, would not provide general information about FXIII heritability. A more general measure of heritability of FXIII may be provided by the antigen rather than the activity data. Additional studies are needed to determine FXIII genetic polymorphisms, FXIII antigen/activity, and the risk of CHD in human subjects.
The Leu allele frequency is highly variable among different races and ethnic groups. It has been reported to be 0.24 to 0.30 in whites, 0.21 to 0.28 in Finns (with the exception of 1 eastern region, where it was 0.13), 0.01 to 013 in Asians, 0.40 in Pima Indians, and 0.14 and 0.18 in Brazilian and African blacks, respectively. 7, 32, 33 The allele frequency in African Americans has not previously been reported. In the present study, we found that the frequency of the Leu allele in African Americans recruited from 2 US communities (Jackson, Mississippi, and Forsyth County, NC) was not significantly different from that in American whites (0.19 versus 0.22, respectively), and the frequency was close to that of African blacks. There was no significant association of Val34Leu with CHD in African Americans or in whites. To our knowledge, this is the first report concerning FXIIIA Val34Leu frequency and its relation to CHD in African Americans.
The FXIIIA Val34Leu polymorphism was not associated with known CHD risk factors, except for hypertension and total cholesterol. The 34Leu allele was associated with a higher percentage of hypertension and lower total cholesterol. There is no obvious reason for this, and these associations did not have an apparent impact on the relationship between the genotypes and the risk of CHD. Most probably, a significant association between the Leu34Leu genotype and risk factors such as hypertension and total cholesterol may be due to chance, considering the small sample size (nϭ29) in the Leu34Leu genotype.
The present study has several advantages over the crosssectional case-control studies in that it is population-based and prospective and contains a relatively large number of participants and incident events. The case-cohort model used in the present study is more reliable than the cross-sectional studies used previously, because the controls were not selected but rather represent a stratified random sample of the ARIC cohort. A limitation of the present study is the inclusion of subjects who were aged only 45 to 64 years at the entry into the study. If Val34Leu, like other genetic factors, were to play a more important role in CHD risk in younger subjects, we might have missed individuals dying young or having premature CHD. In addition, the mixed ethnic makeup of the present study population, as opposed to studies in Europe, might have lessened the ability to detect an association of Val34Leu with MI. Therefore, the generalization of results from this population-based, prospective, follow-up study should be limited to middle-aged men and women only.
